found that presence of the soft tissue of the dolphin's forehead caused narrower beams to be emitted than were produced by the skull alone. To help distinguish the effect of the velocity lensing from other beam forming mechanisms (e.g., source directivity, tissue interface reflectivity), the sound speed mea.,;urements of Norris and Harvey (1974) were used to generate a grid of velocity values over the melon region of our Deiphinus model. In Fig. 6 we see the effect of this velocity profile (without other tissues) on sources located in the MLDB complex. These simulations demonstrate that a profile of the measured magnitude is capable of mild focusing. By itself, however, this profile could not produce the dolphin's highly directed acoustic beams.
INTRODUCTION
It has been established that some dolphins possess a highly sophisticated and adaptable sonar system, though substantially less is known about the system of sound genera- This report presents results from the initial stages of an alternative and complementary approach to the experimental investigation of echolocation hypotheses, which allows the effects of modeled tissues to be studied in arbitrary combination. The objectives of this study were to numerically simulate the effects of delphinid tissues on beam formation, and to test the viability of various hypothetical sound source locations. Two-dimensional simulations of sound propagation through modeled forehead tissues of the common dolphin, Delphinus delphis, were used to investigate the interac- A surprising degree of sensitivity to small source displacements about the MLDB complex was found. Sets of simulations were run at 50, 100, and 150 kHz in both the skull-only and the skull and air sacs and melon models on a grid of source positions over the region of the upper nasal passages. Figure 4 plots polar intensity for a 100-kHz source moved in increments of 0.75 cm around the MLDB complex in the skull-only model, and illustrates that small displacements away from the complex generally cause degradation of the forward pattern.
C. Skull and air sacs simulations
It is generally recognized that air acts as an important acoustical reflector in the delphihid sonar system. Figure 5 shows a simple model of the nasal sacs that was generated from both CT scan and dissection studies? Polar plots of acoustic intensity for the combined skull and air sacs simulations (with MLDB sources of 50, 100, and 150 kHz) are shown in Fig. 8.16 The geometry of the sacs (especially those immediately surrounding the source region) strongly influence the emitted pattern. Perhaps reflection from the nasal sacs and from the skull (at higher angles of incidence) is the principle mechanism of beam formation. Our model is neither exact nor complete, however, and these simulations, though suggestive, have not resolved the contribution of the nasal sacs to the formation of the dolphin's sonar beam. •7
D. Melon-only simulations
Besides the nasal sacs and the skull, the melon may also play a role in echolocation beam formation. Wood (1964) suggested that the melon may both focus and acoustically couple internally generated sound to seawater. Sound speed measurements by Norris and Harvey (1974) on the melon of a Pacific !x)ttlenose dolphin subsequently revealed a lowvelocity core and a graded outer shell of high-velocity tissue. Romanenko (1974) found that presence of the soft tissue of the dolphin's forehead caused narrower beams to be emitted than were produced by the skull alone. To help distinguish the effect of the velocity lensing from other beam forming mechanisms (e.g., source directivity, tissue interface reflectivity), the sound speed mea.,;urements of Norris and Harvey (1974) were used to generate a grid of velocity values over the melon region of our Deiphinus model. In Fig. 6 we see the effect of this velocity profile (without other tissues) on sources located in the MLDB complex. These simulations demonstrate that a profile of the measured magnitude is capable of mild focusing. By itself, however, this profile could not produce the dolphin's highly directed acoustic beams.
In addition, Evans et al. (1964) and

E. Skull and melon simulations
Adding the contoured melon velocity profile to the skull model (wilh the same frequencies and source location) produces the results shown in Fig. 8 . The melon model appears to slightly assist the skull in channeling a larger fraction of the total energy into the main forward lobe. It is clear however that the effects of the skull and air sacs dominate effects due to the melon. From these simulations we conclude only that the measured velocity magnitudes are capable of "fine focusing" the beam reflected from the skull and air sacs. •Averagc values for bone velocity and density were estimated from compilations of (terrestrial) mammalian tissues (e.g., Goss et al., 1980) to be 3450 m/s and 2.0 g/ce. Bone velocity values vary about 15% from the average, and bone density roughly 10% in these compilations. 7Velocity and density were set at the background seawater values. Information available from mapping between x-ray absorption values and physical maas dcnalty was not utillzcd in thcac simulations.
•Note that neglecting small density or velocity discontinuities and the elas- 
